To determine the effects of weight-bearing aerobic (WBA) exercise, resistance strengthening (RS) exercise, and no exercise on strength, postural stability, and quality of life (QOL), and to determine exercise adherence of 2 different exercise programs in postmenopausal women with low bone mass. Study Design: Randomized controlled trial. Background: Three risk factors for fall-related fractures in women with low bone mass are decreased strength, poor balance, and low bone mineral density. Investigators have not demonstrated the specific type, intensity, or duration of exercise most beneficial for improving lower extremity strength, postural stability, and QOL in postmenopausal women with low bone mass. Method and Measures: Twenty-six sedentary postmenopausal women with low bone mass were randomly allocated to 3 groups: WBA (n ϭ 8), RS (n ϭ 9), or control (n ϭ 9). The WBA group performed walking/stepping exercises and the RS group performed 7 lower extremity resistance exercises for 24 sessions over 8 to 12 weeks. The control group participants continued their usual activity for 8 weeks. Lower extremity strength, postural stability, and QOL were measured prior to and at completion of the study. Results: Statistical tests revealed significantly greater postintervention hip extension (P ϭ .001) and flexion (P ϭ .009) strength in the RS group compared with the control group. Conclusions: Hip extensor strength is important for postural stability and prevention of falls. The current study demonstrated that RS exercises improve hip extension strength, which is important for postural stability.
INTRODUCTION
Osteoporosis is defined as "a skeletal disorder characterized by compromised bone strength predisposing a person to an increased risk of fracture. Bone strength primarily reflects the integration of bone density and bone quality." 1 According to the World Health Organization, osteoporosis is present when bone mineral density (BMD) falls to a level of 2.5 SDs less than the mean BMD at the same skeletal site (eg, lumbar spine, hip) of healthy young women of the same race. 2 Low bone mass, or osteopenia, is defined as a BMD more than 1 SD less than the mean bone density but less than 2.5 SD below this value. An estimated 9 million American women have osteoporosis and another 26 million are at risk for developing the disease. 3 Osteoporosis causes more than 2 million fractures annually with 300 000 occurring at the hip. 4 Although fractures of the spine related to osteoporosis are more common, it is well known that osteoporosis-related fractures of the hip cause greater morbidity and mortality. 4 Approximately 24% of patients with hip fractures older than 50 years die within the first year following their fractures, and 20% of ambulatory patients require long-term care after their hip fractures. 4 In 2005, the cost for treating osteoporosis-related fractures was estimated to be $19 billion. It has been predicted that these costs will rise to $23.5 billion by the year 2025. 4 The risk of fall-related hip fractures in women older than 50 years, the rising cost of treating patients with hip fractures, and the increased morbidity and mortality associated with hip fractures underscore the importance of determining interventions that may help to reduce the risk of falls. stability). 5 All 3 risk factors can be modified through exercise. Research addressing osteoporosis has focused more on the effect of exercise on BMD in this population. 6 However, a Cochrane review concluded that all types of exercise improve BMD in the spine but only walking improved BMD in the hip. 7 Mostly recent research has been completed that shows no change at all or a decrease in BMD of the spine and hip 12, 13, [15] [16] [17] with exercise, whereas other research showed only a very slight increase. 10, [18] [19] [20] [21] Alternatively, the literature reveals that the other 2 risk factors for fall-related fractures, strength and balance, can be improved. 8, [11] [12] [13] [14] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Numerous investigators have studied the effect of exercise on strength in postmenopausal women. However, the types of exercises have varied and included weight-bearing aerobic (WBA) exercise, 8, 9, 27 resistance strengthening (RS) exercises; 8, 11, 14, [18] [19] [20] 23 and a combination of aerobic, resistance, and balance exercises, 10, 12, 13, 16, 17 whether in the home 28, 29 or in a community center. 20, 25 In summary, strength appears to increase with all types of exercises, 8, [11] [12] [13] [14] [16] [17] [18] [19] [20] [21] 23, 27 but it is unclear what type of exercise demonstrates the greatest increases in strength in postmenopausal women with low bone mass.
Only 1 group of investigators compared the effect of 2 different exercise programs (RS exercises and WBA exercises) on strength in postmenopausal women. 19 In the study by Kohrt et al, 19 the WBA exercises included walking, jogging, and stepping. The RS exercises included rowing and weight lifting for the upper and lower body using free weights and resistance machines. 19 Kohrt et al 19 found that strength improved in both groups over time. However, the investigators did not report whether the RS exercise group had greater increases in strength than the WBA exercise group. In addition, Kohrt et al 19 did not examine the effect of these 2 different exercise programs on postural stability, another risk factor for fall-related fractures.
Research has been completed that studied the effect of exercise on postural stability in postmenopausal women with low bone mass. 10, 12, 13, 16, 20, [23] [24] [25] [26] Again, the types of exercises varied and included RS exercises, 23, 24 balance exercises, 24, 26 and a combination of aerobic, resistance, and balance exercises. 10, 12, 13, 16 Although some of the investigators demonstrated improvements in postural stability, 12, 13, 16, 20, [24] [25] [26] others reported no change. 10, 23 Liu-Ambrose et al 24 compared the effect of 3 exercise programs (RS exercises, balance exercises, and stretching exercises) on fall risk and postural stability in postmenopausal women with low bone mass. Their study demonstrated that postmenopausal women who performed RS exercises and balance exercises improved both fall risk and postural stability compared with women who performed stretching exercises. 24 However, no difference was demonstrated in fall risk or postural stability between the RS exercise group and the balance exercise group. On the basis of the literature, it is still unclear what type of exercise improves both postural stability and strength in postmenopausal women with low bone mass. In addition, we are unsure of the impact the different type of exercise programs has on quality of life (QOL) in this population.
A diagnosis of osteoporosis or low bone mass may change a woman's health-related quality of life (HR-QOL). 30 Because of the postural changes that occur, such as kyphosis, HR-QOL may be affected by pain, difficulty finding a comfortable chair, or even difficulty finding clothes that fit properly. Other areas that may be affected are emotional status related to fear of falling and fracture. In addition, women may no longer be able to participate in the leisure activities once enjoyed (ie, activities such as skiing, bicycling) because of a fear of falls and fractures. Very few investigators have studied the effect of exercise on HR-QOL in women with low bone mass [31] [32] [33] and only 1 group used a questionnaire that was validated for use with women with osteoporosis. 33 Results of the effect of exercise on HR-QOL in postmenopausal women with low bone mass have been conflicting. Kemmler et al 31 showed no increase in HR-QOL, while 2 other investigators demonstrated improvements. 32, 33 Exercise has been shown to improve HR-QOL in many other populations, [34] [35] [36] but its effect on women with low bone mass has not been determined.
One determinant of a successful exercise program is exercise adherence. Exercise adherence with exercise programs is often recorded and reported in the literature to determine whether it has an effect on the outcomes of the study. Exercise adherence with home exercise programs in 2 studies of postmenopausal women with low bone mass was very poor and may have had an effect on improvements in strength. 28, 29 Research has determined factors affecting exercise adherence, [37] [38] [39] but all have examined different target populations and different factors. One investigator studied postmenopausal women, 38 but postmenopausal women with low bone mass were not specifically investigated. Results of the studies suggest that the type of exercise program, number of exercises, and duration (ie, 3 months vs 6 months) of the exercise program performed may have an effect on exercise adherence in women with osteoporosis or low bone mass.
Numerous investigators have studied the effect of exercise on BMD, strength, and balance in postmenopausal women with low bone mass. A Cochrane systematic review of trials of exercise for women with osteoporosis reported that all types of exercise improved BMD in the spine, but only walking exercises improved BMD of the hip. 7 However, the Cochrane review did not determine the effect of the exercise programs on balance and strength. It is important to determine exercises most effective in improving strength and balance to decrease the risk factors associated with fall-related fractures in women with low bone mass. In addition, it is important to understand the impact of these exercise programs on QOL. No studies were found where the effects of 2 different types of exercise programs on strength, balance, and QOL in women with low bone mass were examined. Finally, adherence to an exercise program is necessary in order for it to be effective. Understanding the type of exercise program to which women would adhere will help physical therapists determine the type of exercise they prescribe to their patients with low bone mass. The aims of this study were to (1) examine the effectiveness of WBA exercises versus RS exercises on lower extremity strength, postural stability, and HR-QOL of postmenopausal women with low bone mass, and (2) compare these interventions to a nonexercise control group. In addition, this study aimed to describe exercise adherence of the participants in the 2 exercise groups.
METHODS AND MEASURES Participants
Twenty-nine participants were recruited consecutively and randomly assigned to 1 of the 3 intervention groups. Twenty-six participants completed the study. A summary of participant recruitment is presented in a consort diagram in the Figure. physician referral, word of mouth, and newspaper advertisement. All subjects who volunteered to participate in the study read and signed a Texas Woman's University institutional review board-approved consent form. Before the study, all participants completed a standard medical information questionnaire to determine whether they qualified for the study. To qualify, the women needed to be sedentary, 50 years or older, and postmenopausal, and have a baseline BMD of greater than 1 SD below the young adult mean in the femoral neck as measured by dual-energy x-ray absorptiometry within the past 2 years. Postmenopause was defined as a lack of menstruation for 12 consecutive months. 40 Sedentary was operationally defined as a person who performed an exercise program for less than 90 minutes per week. Exclusion criteria included subject-reported uncontrolled high blood pressure and orthopedic or other health-related problems that would prevent them from performing an exercise program. Random assignment to interventions occurred by having participants choose a sealed envelope containing an assignment. To ensure equal group sizes, only 30 envelopes were prepared prior to randomization, 10 for each intervention assignment (control, RS, and WBA).
Instrumentation
Strength and postural stability were assessed using the Human Performance Measurement (HPM) system (Human Performance Measurement, Inc, Arlington, Texas). The HPM system is a computer-automated system used to assess a variety of sensorimotor functions or basic elements of performance (BEP). The BEP IIIa and BEP IV are components of the HPM system that were used in this study to measure isometric strength and postural stability, respectively. The software, BEP for Windows (Human Performance Measurement, Inc), was used to run the BEP modules, record, and collect data using a notebook computer.
The BEP IIIa is a handheld transducer that measures maximal isometric force produced by a muscle or muscle group. The maximum force value is sent to the host computer, and the BEP for Windows software converts the value to a torque value using an estimated moment arm based on the participant's height. Previous criterion validity of handheld dynamometers as a measurement of muscle strength has been determined. 41, 42 The BEP III has been shown to have goodexcellent intrarater reliability with values ranging from 0.85 to 0.97 and 0.93 to 0.99 from muscle measurements obtained from the involved and uninvolved side of patients with total hip arthroplasty, respectively. 43 Postural stability was measured using the BEP IV. The BEP IV is a force platform used to measure the changes in the location of the center of pressure over time as the participant stands on either 1 or 2 legs. Postural stability during 1-leg stance with eyes open was measured on each leg in this study. The BEP IV provides measures of medial/lateral stability, anterior/posterior stability, and total stability. Only measures of total stability were obtained in this study. The BEP for Windows software computes a "percent instability" that is determined as the ratio of the average movement of the center of pressure to the base of support. The "percent instability" measurement is subtracted from 100% to provide a score of "percent stability." Face validity for the use of force platform measures of changes of pressure over time as an index for postural stability has been determined previously. 44 Intrarater reliability of the BEP IV in men and women post-total hip arthroplasty has also been determined to be excellent with an intraclass correlation coefficient (ICC 3,2 ) of 0.95 for measures of postural stability. 45 All participants completed the Osteoporosis Quality-of-Life Questionnaire (OQLQ). The OQLQ is an HR-QOL assessment tool used to measure symptoms, emotional function, physical function, activities of daily living, and leisure activities in women with osteoporosis. The OQLQ is a 30-item questionnaire that includes 9 items related to general symptoms, 4 to emotional function, 5 to physical function, 8 to activities of daily living, and 4 to leisure activities. Responses to symptoms and emotional function domain questions were associated with a 7point scale with 1 representing the worst possible function and 7 representing the best possible function. Responses to physical function, activities of daily living, and leisure activities domain questions were associated with an 8-point scale with 1 representing the worst possible function, 7 representing the best possible function, and 8 representing "not applicable." A summary score for each domain is calculated by averaging the numerical response scores. 46 Test-retest reliability (ICCs ranging from 0.80 to 0.89 for the 5 domains), construct validity, and ability to evaluate change for the OQLQ have been determined previously and found to be good. 46 
Procedures
All data collection and treatment were performed by a physical therapist with 14 years' experience, including 2 years' experience assessing and treating women with low bone mass. Once participants were randomly assigned to 1 of the interventions, they received a 1-hour education session before their assessments and intervention. The education session included information on osteoporosis/low bone mass, changes that occur in bone, BMD testing, calcium supplementation, the use of medications for osteoporosis/low bone mass, diet, nutrition, and exercise. Once the participants completed the 1-hour education session, they were scheduled for their preintervention measurements. On completion of the 8-to 12-week intervention, the same measurements were repeated. A concurrent intratester reliability study 47 was conducted during implementation of the study on the measures of postural stability and muscle strength to confirm reliability of these measurements in postmenopausal women with low bone mass. For reliability testing, 2 measurements (postural stability and/or 1 muscle group) were randomly selected for each participant to be repeated. To allow a rest period for participants of 10 minutes, the repeated assessment was performed following completion of the QOL questionnaire.
Pre-and Postintervention Measurements
Height, weight, blood pressure, and resting heart rate were assessed in all participants. Testing was performed in a standardized order with postural stability measured first, followed by isometric muscle strength and the QOL questionnaire. To minimize the impact of muscle fatigue on balance performance, postural stability testing was performed before isometric muscle testing. As previously mentioned, the QOL questionnaire was administered last to allow participants to rest before the repeated testing.
During single-leg balance testing, participants did not wear shoes and their eyes were open. The participant was instructed to place the test foot on a centerline of the force platform and to hold onto a table in front of her. Next, she was asked to raise the other leg by flexing the knee to 45Њ and holding the hip in a neutral position. She was also instructed not to support the raised leg against the stance leg anytime during the test. Once the participant was ready, she was asked to remove her hands from the support surface and to stand as still as possible. Data collection began when the participant's hands were lifted from the support and continued for 10 seconds or until she lost her balance. Three test trials were performed consecutively on each leg. Total stability was reported as average percent stability for the 2 trials with the highest percent stability.
Isometric muscle strength of the hip flexors, hip extensors, hip abductors, and knee extensors was measured using a make test 48 in a gravity-minimized position to eliminate segment mass as part of the measurement. 49 (See Table 1 for test positions.) The examiner held the dynamometer perpendicular to the body segment. The examiner then asked the participant to push "as hard as possible" against the dynamometer. Participants were allowed 1 practice contraction prior to each actual test, which consisted of two 6-second trials. The computer generated a coefficient of variation (CV) for the 2 trials. When the CV exceeded 10%, the participant was given a 2-minute rest and the trials were repeated. The mean of the 2 trials with a CV of less than 10% was recorded. Upon completion of all the measurements (postural stability, strength, and QOL), participants were retested for randomly selected measures of postural stability and strength.
Exercise logbooks were completed by the examiner during clinic visits and by participants during home exercises to determine exercise adherence. The RS group recorded the date, number of sets/repetitions, weight used, and rating of perceived exertion for each exercise, and the total time spent exercising. The WBA group recorded the date, the amount of time walking, the amount of time stepping, and the rating of perceived exertion during walking and stepping. Twenty-four completed exercise sessions were expected within a 12week period. Participants who did not perform and record every exercise (all repetitions and sets) in their logbook were considered nonadherent for that exercise session. The percentage of adherence was based on the number of complete sessions recorded in the logbook divided by the expected number of sessions. These could be performed in the clinic under the supervision of the PT or at home. The percentage of adherence was recorded and used for statistical analysis.
Intervention
Participants in the WBA and RS exercise groups were asked to perform 24 one-hour exercise sessions over a total of 8 to 12 weeks. Throughout the study, participants in both groups were instructed to perform a warmup and cool-down that included walking at a rating level of 9 (very light) on the Borg Category Rating Scale (BCRS) 50 for 5 minutes followed by 30-second bilateral hamstring, hip flexor, and calf stretches. The exercise programs were supervised and performed in the clinic for the first 12 visits and at home by the participants for the final 12 exercise sessions. The WBA exercise program consisted of walking and stepping on a bench that was 20 cm high. Walking at the clinic was done on a treadmill. Walking at home was performed on a treadmill if available, at a shopping mall, or outside. Stepping consisted of stepping up completely onto a bench and stepping down leading with the same leg for 30 seconds followed by a 30-second rest. The leading leg was alternated after each rest period. The stepping task was performed without upper extremity support. A stepping bench was given to participants to be used at home to complete the home exercise program. Following the recommendation of the National Institute on Aging, the older adult should gradually work her way up to level 13 (somewhat hard) on the BCRS for endurance activities. 51 The WBA exercise progression protocol is shown in Table 2 .
The RS exercise program consisted of 7 resistance exercises for the hip and knee. Hip flexion, hip extension, hip abduction, and figure 8s were performed in standing (weight-bearing), holding onto a treatment table or counter for balance with an adjustable ankle weight attached to the ankle. During hip flexion, the knee was raised to the chest until the femur was parallel with the floor and lowered slowly. Hip extension was performed by extending 1 leg back with the knee straight. Hip abduction consisted of lifting the leg to the side with the knee straight. The figure 8 exercise was performed by lifting 1 leg and outlining a figure 8, keeping the knee straight. The top of the figure 8 was traced on the floor in front of the body and bottom of the figure 8 was traced on the floor behind the body. Hip internal/external rotations were performed in the sitting position using sandbag weights. Standing squats were performed with the participant holding dumbbell weights in both hands. The exercises were chosen to improve strength of the muscles surrounding the hip joint, improve balance, and stimulate bone growth through a weight-bearing RS program.
Before starting the exercise program, the participant's 10 repetition maximum (10 RM) for each exercise was determined. A 10 RM is the maximum amount of weight that can be lifted 10 times while maintaining proper form during the exercise. 52 The weight the participant began using for the exercise program was 75% of the 10 RM. See Table 3 for the RS exercise progression protocol, which is based on the National Institute on Aging's recommendation that the older adult gradually work up to a level of 15 to 17 on the BCRS for strength exercises. 51 Participants were instructed to perform 3 sets of 8 repetitions of each exercise and rated their level of effort on the BCRS after each exercise. During the first 12 sessions, when participants rated their level of effort below the recommended protocol intensity level, the examiner adjusted their weight to maintain the protocol intensity level. For the last 12 sessions performed at home, participants were instructed to monitor their intensity level on the BCRS and increase their weights to maintain an intensity level of 15 to 17. Participants were given adjustable ankle weights and hand weights to perform the exercises on their own.
The control group participants were instructed to continue their normal activity and not to begin a new exercise or physical activity program. After 8 weeks, the control group returned for a postassessment and received their choice of exercise instruction. The 2 exercise intervention groups returned for postassessments when they completed the 24 exercise sessions or after 12 weeks even if the exercise sessions were not completed.
Data Analysis
Descriptive statistics consisting of the mean, standard deviation, minimum, and maximum were computed to describe the demographic and baseline characteristics of each group. A 1-way analysis of variance (ANOVA) was conducted to compare the differences in parametric demographic and baseline characteristics between the 3 groups. A repeated-measures ANOVA was used to calculate an ICC 3,2 to determine intrarater reliability for the strength and postural stability measurements.
Paired t tests were performed to determine significant baseline differences between the right side and the left side for measures of postural stability and strength. If significant differences were found, a 3 ϫ 2 mixed-design multivariate ANOVA (MANOVA) was used to determine the significance of differences between and within the 3 groups in measures of postural stability, hip flexor, hip extensor, hip abductor, and knee extensor strength for both the right and left sides. A second 3 ϫ 2 mixed-design MANOVA was used to determine significance of differences between and within the 3 groups in measures of the 5 domains of HR-QOL. A Wilks lambda U was used to determine overall significance in each MANOVA. Post hoc tests were performed when the MANOVA was significant. An independent t test was used to determine differences in exercise adherence between the 2 exercise groups. The alpha level was .05 for all statistical tests.
RESULTS
A summary of baseline characteristics for all 26 participants who completed the study can be found in Table 4 . A 1-way ANOVA found no significant differences in the baseline data between the 3 groups.
Intratester reliability for postural stability and strength measures was estimated by performing a repeated-measures ANOVA-based ICC. On the basis of the ICC 3,2 values, intratester reliability values for measures of strength were 0.95 (hip flexion), 0.91 (hip extension), 0.98 (hip abduction), and 0.96 (knee extension) and postural stability was 0.99. All of these coefficients indicate good intratester reliability. 53 
Measures of Postural Stability and Strength
The means and standard deviations for right-side postural stability and isometric lower extremity strength measurements before and after the exercise intervention were calculated and are presented for each group in Table 5 . A 1-way ANOVA was performed on the preintervention measurements of postural stability and strength and no significant differences were found between the 3 groups. Paired t tests demonstrated significant baseline differences between the right side and the left side for measures of postural stability and strength. Therefore, 2 separate mixed MANOVAs were used to determine the significance of differences between and within the 3 groups in measures of hip flexor strength, hip extensor strength, hip abductor strength, knee extensor strength, and postural stability for both the right and left sides. The MANOVA for the right lower extremity demonstrated a significant group-by-session interaction (P ϭ .03). The MANOVA for the left lower extremity demonstrated no significant group-bysession interaction (P ϭ .13).
Mixed-factor ANOVAs were performed to determine which right lower extremity variable showed a ). An analysis of simple main effects of group using a 1-way ANOVA revealed no significant differences in preintervention measurements of postural stability and muscle strength between the 3 groups. However, a 1-way ANOVA of postintervention measures yielded significant differences between groups on measures of right hip flexion (P ϭ .009) and right hip extension (P ϭ .002). A post hoc Bonferroni was then performed to determine where the group differences were for right hip flexion and extension (see Table 6 ). The post hoc Bonferroni revealed a significant difference in right hip extension strength (P ϭ .001) and right hip flexion strength (P ϭ .009) between the RS exercise group and the control group. That is, the participants in the RS exercise group had significantly greater strength in the right hip extensors and flexors than the control group after the 8-to 12-week intervention. No significant differences were found in hip extensor or flexor strength between the WBA exercise group when compared with RS exercise group or the control group. Analysis of simple main effects within each of the groups was conducted. A related samples t test was performed to analyze differences between pre-and postintervention measures for each group for hip flexion and extension. The analysis revealed significant pre-post differences in right hip flexion for the WBA exercise group (P ϭ .05) and right hip extension for the RS exercise group (P ϭ .03).
Measures of QOL
The means and standard deviations for each QOL domain before and after the intervention were calculated and are presented for each group in Table 7 . The MANOVA demonstrated no significant group-by-session interaction (P ϭ .15). However, across all groups the QOL domains of symptoms (P ϭ .001), emotional function (P ϭ .007), and physical function (P ϭ .02) increased over time.
Exercise Adherence
The means and standard deviations for percent exercise adherence of each exercise group were computed and are presented in Table 8 . A t test was used to determine the difference in exercise adherence between the 2 exercise groups for clinic and home exercises and for home exercises alone. Participants in the WBA exercise group were significantly more compliant than the RS exercise group for home exercises alone (P ϭ .02).
COMMENT
We found significantly greater postintervention rightside hip extension and flexion strength in the RS exercise group compared with the control group. No other significant differences were found for postural stability or the other muscle groups tested. Kohrt et al 19 studied the effects of WBA exercise (ground-reaction forces) and RS exercise-based strength exercise (joint-reaction forces) on strength and BMD in 39 postmenopausal women aged 60 to 74 years. In the Kohrt et al 19 study, strength of the knee flexors and extensors, as measured by an isokinetic dynamometer, increased significantly in both the WBA and RS groups. A control group also showed nonsignificant increases in strength. Although the RS exercise group demonstrated the greatest increases in isokinetic strength, the investigators did not compare the increases in strength between the WBA, RS, and control groups.
Unlike the study by Kohrt et al, 19 we found only statistically significant increases in strength over time for hip flexion in the WBA group and hip extension in the RS exercise group. Oftentimes, investigators determine the standard error of measurement to calculate the minimal detectable change (MDC) for the measured variable. 54, 55 Minimal detectable change is the amount of change required to be confident that the change is due to the intervention rather than to measurement error. It can be considered with reasonable confidence that change scores greater than the MDC represent true change. In addition, MDC represents the lower boundary of a potentially meaningful change or what is considered the minimal clinically important difference. 56 Minimal clinically important difference is the smallest difference that is beneficial to the patient or what can be referred to as clinical significance.
Because of the lack of statistically significant findings, MDC was calculated for measures of postural stability and strength to determine whether there were any minimal clinically important differences in measurements within the 3 groups (see Table 9 ). The results of the MDC found a clinically significant change in postural stability and hip abductor strength for the WBA exercise group and a clinically significant change in strength of hip extensors, hip abductors, and knee extensors for the RS exercise group (see Table 5 significant change scores were found for the control group. We found no statistically significant changes over time for measures of postural stability and strength, but there were some clinically meaningful changes over time. Although we had clinically significant changes in postural stability and strength in some groups, we cannot say that the changes will make a difference in the function or their risk for falls. As stated previously, the current study had few statistically significant results for the right lower extremity and no significant results for the left lower extremity for measures of postural stability and muscle strength. One of the reasons the pre-and posttest measures in our study may have demonstrated no statistically significant change was due to the small sample size. Therefore, power for the group-by-session interaction MANOVA was calculated a posteriori for postural stability and muscle strength for the right and left sides. The observed power for the MANOVA using an alpha level of .05 was 0.86 for the right lower extremity and 0.69 for the left lower extremity, demonstrating good power for the right lower extremity and weaker power for the left lower extremity. Therefore, the power suggests that the same results for the right lower extremity may be determined regardless of the sample size. However, for the left lower extremity there was inadequate power, strengthening the need to replicate the study with a larger sample size.
The mean age for the overall sample of participants (n ϭ 26) was 63.4 years. The range of ages for participants was evenly distributed. Ten participants ranged in age from 50 to 59 years, 8 participants ranged in age from 60 to 69 years, and 8 participants were 70 years and older. This sample is similar to participants in other studies investigating the effects of exercise on strength in postmenopausal women. 11, 19 However, we also investigated the effects of exercise on postural stability. One investigative group that previously determined the effects of exercise on balance studied participants with average ages between 78.9 and 80.6 years, 23 who are considerably older than those in the sample used in our study. Studies investigating the effects of home exercises, such as those used in our study, also used older participants with average ages ranging from 68.3 to 73.8 years. 20, 25, 28, 29 One of the reasons we may not have found significant changes in balance and strength may have been related to the younger age of participants. The participants were not frail and elderly and were functioning independently despite being sedentary. Therefore, they may not have been able to improve sufficiently to reach statistically significant differences in muscle strength and postural stability.
Two other reasons for lack of improvements may be due to the intensity of the exercise program and the differences in preintervention levels of strength and postural stability. We began our resistance exercises at 75% of a 10 RM and progressed gradually to a level of 15 to 17 on the BCRS. Another study by Karinkanta et al 13 , which found improvements in both strength and postural stability, began the intensity of training at 50% to 60% of 1 RM, progressed to 75% to 80% of 1 RM, and then increased resistance of exercises when the participants dropped less than 18 on the BCRS. The RS exercise group had a trend toward higher preintervention strength and postural stability values compared with the WBA and control groups. Therefore, it may have been more difficult to improve strength and postural stability in the RS group and thus more difficult to find significant differences between the groups.
Another physical characteristic, years postmenopause, may have had an effect on the outcomes of the current study. Although there was not a statistically significant difference between groups regarding years postmenopause, the control group was a mean 8 and 15 years greater than the WBA and RS groups, respectively. However, average age differences were not as great with the control group only being a mean 4 and 7 years greater than the WBA and RS exercise groups, respectively. It is well known that strength declines with age, 57 but it is unclear whether or not the lack of estrogen has an effect on muscle strength. Investigators have studied the effect of hormone replacement therapy on muscle strength and muscle mass and have found significant effect, 58, 59 while others have found no significant effect. 57, [60] [61] [62] Although it appears that the large difference in the number of years postmenopause between the groups may have an effect on ability to improve strength, the available literature is not conclusive. Therefore, it is not clear whether an increased number of years postmenopause in the control group would have an effect on the outcome of the current study.
Our results revealed no significant group-bysession interaction for measures of QOL. One of the possible reasons no interaction effect was found was due to the small sample size. Therefore, power for the group-by-session interaction MANOVA was calculated a posteriori for the measures of QOL. The observed power for the MANOVA using an alpha level of .05 was 0.67. It is clear that adequate power of 0.80 was not obtained for the measures of QOL, which strengthens the need to repeat the study with a larger sample size.
Another reason for the lack of statistically significant differences found between the groups in measures of QOL may be due to the timing of when participants completed the questionnaire. All participants were given the questionnaire during their assessment and the assessment was scheduled after the participants were given a 1-hour education session. The education session may have already improved their perception of QOL by giving them information about osteoporosis. If the questionnaire had been given prior to the education session, the baseline QOL scores may have been lower and thus had more ability to improve significantly.
Very few investigators have reported the effect of an exercise program on QOL in women with low bone mass. One group examined the effects of a 10week exercise training program on daily function and QOL in women with osteoporosis and found no significant differences between the control and exercise groups. 32 Another group also investigated the effect of exercise on QOL parameters in postmenopausal women with low bone mass and found significant improvements in QOL in the exercise group compared with the control group. 31 However, the QOL questionnaires used in both of these studies had not been validated for the osteoporosis/low bone mass population.
One investigative group, who used the same questionnaire as our study, examined the effects of a home-based exercise program on QOL in postmenopausal women with osteoporosis in the lumbar spine and at least 1 vertebral fracture. 33 Quality of life was measured at baseline, 6, and 12 months. At 6 months, the domains of symptoms, emotional function, and leisure/social activities improved significantly in the exercise group. At 12 months, the domains of symptoms and activities of daily living improved significantly in the exercise group. We found no significant differences in the domains of QOL between the 3 groups; however, the participants only performed the intervention for 8 to 12 weeks and they did not have back pain or vertebral fractures as was in the study by Papaioannou et al. 33 In the study by Papaioannou et al, 33 the subjects' baseline QOL scores for the 5 domains (average 4. 43-5.26) were lower than the baseline scores for subjects in our study (average 5.25-6.93), therefore allowing more room for improvement.
Most of the investigators studying the effects of exercise on strength and balance in postmenopausal women with low bone mass and osteoporosis report exercise adherence rates. However, no studies were found that reported the differences in exercise adherence rates between 2 different types of exercise programs. Our study revealed that women performing WBA exercises were significantly more compliant with their home exercise program than women performing RS exercises. One of the reasons women may have been more compliant with the WBA exercises compared with the RS exercises may be due to the number of exercises given in each program. The WBA exercises consisted of only 2 exercises, walking and stepping. The RS exercise program consisted of 7 exercises. The literature supports that older adults will be more compliant with a home exercise program if fewer (2 vs 8) exercises are given. 63 In addition, the RS exercise group may have been less compliant because they had to use adjustable ankle weights to perform their exercise program. The ankle weights had to be set and adjusted for each exercise, which made the exercise program more difficult to perform and progress at home than the WBA exercises.
Limitations
One of the limitations of this study was the study design used. A single-blind study design would have been preferred. In our study, the same person examined and treated the participants. The study would have been stronger methodologically if a different person had been available to examine the participants and was blinded to their treatment group.
In reviewing the postural stability data in our study, we found that 16 of the 26 participants had a postural stability that was 90% or more. Because measurements of postural stability cannot be any better than 100%, participants who had postural stability of 90% or better had little room for improvement regardless of the intervention they received, demonstrating that postural stability was not a sensitive test. Choosing a test such as the Timed Up and Go may have been more clinically relevant.
In addition, 2 other factors may have impacted the results of our postural stability data, leg dominance, and the lack of randomized trials for testing. Although it was not recorded, the majority of participants probably had right lower extremity dominance leading to better results on the right. In addition, the lack of randomized testing may have caused better results on the right lower extremity due to an order effect.
One of the problems with using the OQLQ is that each domain is measured separately. Therefore, the participants do not receive one QOL score but instead scores on 5 different domains. Therefore, the scores for each domain were small and it was difficult to observe significant improvements between the groups. Another limitation of the OQLQ is that it is unclear whether the measurement tool is appropriate for women with low bone mass/osteoporosis without back pain or vertebral fracture. Using a questionnaire that uses one QOL score may have been more sensitive for determining differences between the groups. However, most of the QOL questionnaires that have been developed for this population focus on women with vertebral fractures and/or back problems related to osteoporosis. The OQLQ was the best available measurement tool at the time this study was conducted.
Future Studies
Recommendations for future study include repeating the current study using a larger sample size, single blind design, more intense exercises, longer follow-up
